Sequestration of nNOS in neurofilamentous aggregate bearing neurons in vitro leads to enhanced NMDA-mediated calcium influx.
The significance of copper/zinc superoxide dismutase (SOD1) and neuronal nitric oxide synthase (nNOS) co-localization to neurofilamentous (NF) aggregates in amyotrophic lateral sclerosis (ALS) is unknown. In this study, we have used dissociated motor neurons from either C57BL/6 or mice that over-express the human low molecular weight neurofilament protein (hNFL+/+) to examine the relationship between NF aggregate formation, SOD1 and nNOS co-localization, and the regulation of NMDA-mediated calcium influx in vitro. The intracellular distribution of NF aggregates, SOD1 and nNOS was examined by confocal microscopy and NMDA-induced alterations in intracellular calcium levels using either Oregon green fluorescence or FURA-2 photometric imaging. Cell death was assessed using an antibody to activated caspase-3. C57 Bl/6 motor neurons expressed nNOS in a punctate manner, whereas SOD1 was distributed homogeneously throughout the cytosol. In contrast, hNFL+/+ motor neurons demonstrated co-localization of SOD1 and nNOS by day 9 post-plating, preceding the formation of NF aggregates. Both proteins co-localized to NF aggregates once formed. With NMDA stimulation, aggregate-bearing hNFL+/+ motor neurons demonstrated significant increases in intracellular calcium, whereas only a minimal alteration in intracellular calcium was observed in C57 Bl/6 neurons. Following stimulation with 100 microM NMDA, 75.5+/-5.5% of hNFL+/+ neurons became apoptotic, whereas only 16.3+/-5.3% of C57 Bl/6 were. These observations suggest that the presence of NF aggregates results in a failure of regulation of NMDA-mediated calcium influx, and that this occurs due to the sequestration of nNOS to the NF aggregate, preventing its down-regulation of the NMDA receptor.